Background: Although nearly everyone at some point in their lives experiences back pain; the amount of interference with routine activity varies significantly. The fear-avoidance (FA) model of chronic pain explains how psychological variables, such as fear, act as mediating factors influencing the relationship between clinical pain intensity and the amount of interference with daily activities. What remains less clear is how other mediating factors fit within this model. The primary objective of this report was to examine the extent to which a dynamic measure of pain sensitivity provides additional information within the context of the FA model. Method: To address our primary objective, classic mediation and moderated mediation analyses were conducted on baseline clinical, psychological and quantitative sensory measures obtained on 67 subjects with back pain (mean age, 31.4 ± 12.1 years; 70% female). Results: There was a moderately strong relationship (r = 0.52; p < 0.01) between clinical pain intensity and interference, explaining about 27% of the variance in the outcome. Mediation analyses confirmed fear partially mediated the total effect of clinical pain intensity on interference (Δβ = 0.27; p < 0.01), and accounted for an additional 16% of the variance. In our FA model, pain sensitivity did not demonstrate additional indirect effects; however, it did moderate the strength of indirect effects of fear. Conclusion: This preliminary modelling suggests complex interactions exist between pain-related fear and pain sensitivity measures that further explain individual differences in behaviour.
Introduction
The lifetime prevalence of low back pain (LBP) ranges from 11% to 84% of all adults (Walker, 2000; Deyo et al., 2006) , depending on the definition of an episode. The overall impact of LBP is substantial, but there is significant individual variability on how LBP influences daily activities. Only 51% of the individuals who report LBP in the past 3 months also report difficulty with simple basic actions, while LBP creates difficulty in complex activities in only 55% of individuals (Institute of Medicine (IOM), 2011). Further, the relationship between the intensity of LBP and the amount of pain-related interference in performing daily activities is not uniform (Von Korff et al., 1992) .
A traditional biomedical approach to explain nonuniformity may focus on structural abnormalities of the spine suggesting differences in the severity and type of the injury account for differences in pain intensity and related interference. However, studies have found that structural pathology of the spine is only weakly, if at all, associated with individual differences in clinical outcomes (Chou et al., 2011) . Fortunately, pain and pain-related behaviour are no longer viewed in a purely biomedical model, but from a biopsychosocial perspective, which takes into consideration biological (such as spinal abnormalities, genetics and nervous system adaptations), psychological (such as emotions and beliefs) and societal (such as cultural norms and values and social support) factors. The purpose of this paper is to explore factors influencing the relationship between intensity of LBP and pain-related interference with standard activities. Specifically, we will examine how two factors, fear of pain experienced during standard activities and dynamic pain sensitivity, influence this relationship.
We chose fear of pain because we feel it is representative of constructs within the fear-avoidance (FA) model of chronic pain. The FA model of chronic pain illustrates how individual differences in psychological variables explain individual variability on how pain impacts behaviour and disability. The FA model has been applied to several chronic pain populations including chronic LBP, and other pain populations such as acute LBP and experimental pain (Fritz et al., 2001; Leeuw et al., 2007; George et al., 2008; George and Hirsh, 2009; Crombez et al., 2012; Parr et al., 2012) . Because the FA model has gained such support over the years, we will first model the influence of our psychological factor on the relationship between intensity of LBP and pain-related interference. The innovative aspect of this study is that we will then concurrently investigate the influence of another intermediate factor, dynamic pain sensitivity.
Pain sensitivity testing is suitable for investigating individual differences in the pain processing system that encodes the experience from stimuli originating from the body. There are many pain sensitivity protocols currently being employed in research. Research has demonstrated that certain pain sensitivity protocols (1) can adequately discriminate populations with and without pain; (2) are modestly associated with clinical pain intensity; and (3) are modestly associated with physical disability. For discriminating populations, Neziri et al., 2012 , found that 6 out of 26 pain sensitivity protocols assessed adequately discriminated healthy controls from patients with chronic LBP (Neziri et al., 2012) . Those six pain sensitivity tests were pressure pain thresholds in the area of pain, electrical pain thresholds, electrical stimulation reflex threshold, pressure pain tolerance in the area of pain, pressure pain threshold in a remote location and temporal summation of pain (TSP) threshold (Neziri et al., 2012) .
For the association between clinical measures and pain sensitivity measures, Hubscher et al., 2013 performed a systematic review of the literature and pooled the estimated correlation between four pain sensitivity protocols and the intensity of clinical pain and between two pain sensitivity protocols and clinical disability in people with spinal pain (Hubscher et al., 2013) . They found pain intensity was weakly associated with the pain sensitivity protocols of pain threshold [−0.15, 95% confidence interval (CI): −0.18 to −0.11], pain tolerance (−0.30, 95% CI: −0.45 to −0.13) and TSP (0.16, 95% CI: 0.02 to 0.29) but not associated with pain magnitude of a suprathreshold stimulus (0.25, 95% CI: −0.16 to 0.66). They also found that pain-related disability was weakly associated with pain thresholds (−0.16, 95% CI: −0.22 to −0.10) but not pain tolerance (−0.32, 95% CI: −0.69 to 0.17; Hubscher et al., 2013) . Another recent study, not included in the review, found the magnitude of pain intensity reported to specific amounts of pressure and thermal stimuli was highly predictive of clinical pain intensity in subjects with musculoskeletal pain, explaining approximately 38% and 26.8% of the variance, respectively (Staud et al., 2012) .
Recently, potential predictors of pain-related behaviour have expanded beyond just clinical pain intensity to include factors from different aspects of the biopsychosocial realm. For example, Alschuler et al. included, pain intensity as well as a measure of psychology, pain sensitivity and social support. They found the static measure of pain sensitivity (pressure pain thresholds) explained individual variation in physical activity among chronic LBP subjects, after accounting for pain intensity, fear avoidance and solicitous spousal responses (Alschuler et al., 2011 gaps in understanding persist because of the numerous pain sensitivity protocols being used in research, especially dynamic pain sensitivity protocols. Dynamic pain sensitivity protocols, such as TSP, are techniques which are frequently used to study endogenous pain modulatory mechanisms. TSP, in particular, assesses the change in perceived pain intensity to repeated stimulation, where amplification of pain perception is often seen following repeated stimuli. (Arendt-Nielsen and Yarnitsky, 2009 ). Research has shown that individuals with chronic pain conditions often shown increased amplification of pain perception when compared with individuals without pain. Despite the average increase in pain amplification within chronic pain populations, responses to a TSP protocol remain variable within given cohorts of individuals (Anderson et al., 2013) . Unlike the static pain sensitivity protocol used in the Alschuler et al. study, the clinical implications for TSP has not been thoroughly investigated within a biopsychosocial model. Very little has been published except for the George et al. study in 2006 . That study found variability in TSP explained variation in perceived disability among chronic LBP subjects, after accounting for fear avoidance and clinical pain (George et al., 2006) .
In this study, we chose to investigate the role of TSP within the context of the FA model. This approach is compatible with current suggestions to expand the FA model. Suggestions for expansion included a role of stimuli, originating from the body, working as a conditioning prompt (Vlaeyen and Linton, 2012) . In our approach, first, we will model the direct effects of clinical pain intensity on pain-related interference going through an intermediate psychological factor. From there, we will investigate whether the responsiveness of the nervous system, assessed with dynamic pain modulation protocol (i.e., TSP) acts as an additional mediator or moderator. A significant moderated mediation model would suggest the indirect effects of pain-related fears in predicting the level of daily interference are conditional, depending on the level on pain sensitivity. Therefore, our purpose in this paper was to build and test mediation and moderated mediation models using baseline clinical, psychological and pain sensitivity measures in a cohort of individuals with non-specific LBP.
Materials and methods

Overview
Analyses were performed on baseline clinical, psychological and pain sensitivity measures collected from the first 80 individuals enrolled in a randomized clinical trial (ClinicalTrials.gov Identifier: NCT01168999) comparing manual therapy techniques for LBP (Bialosky et al., 2014) . The study received approval by the University of Florida Institutional Review Board. All participants provided informed consent. Baseline measurements were obtained prior to randomization.
Participants
Participants were recruited from the general community through posted study announcements and word of mouth. Participants were eligible to participate in the study if they were currently experiencing LBP that did not extend below the knee, rated their worst LBP over the past 24 h as a minimum of 4 out of 10(0 = no pain, 10 = worst pain imaginable), were appropriate for conservative management of LBP and spoke English. Individuals were excluded if they had surgery to the low back in the past 6 months, were diagnosed with a systemic disease known to effect sensation, other chronic pain condition unrelated to the LBP or reported the cause of their LBP to be a fracture.
Baseline clinical measures
Clinical pain intensity
LBP intensity was assessed using the Patient-Centered Outcomes Questionnaire (PCOQ; Brown et al., 2008) . Subjects responded to the statement 'First, we would like to know your usual levels of pain, on a scale of 0 (none) to 100 (worst imaginable), please indicate your usual level (during the past week) of pain' (Brown et al., 2008) . We operationally defined this value to indicate each person's usual level of pain intensity associated with their LBP.
Clinical pain interference
Pain interference was assessed with the modified Oswestry Disability Index (ODI). The original version described by Fairbank et al. (1980) was modified by inserting employment/homemaking ability for the section previously related to sex life (Fairbank et al., 1980; Fairbank and Pynsent, 2000; Roland and Fairbank, 2000) . The ODI has 10 items that assess how LBP affects common daily activities (e.g., sitting, standing and lifting). The ODI has a range of percentages from 0% ('no disability due to back pain') to 100% ('completely disabled due to back pain'), where higher scores indicate higher interference from LBP. The ODI has been found to have high levels of test-retest reliability [intraclass correlation (ICC) = 0.90], convergent validity with the Roland Morris disability questionnaire (r > 0.80) and responsiveness (effect size = 1.8) in patients receiving therapy for LBP (Fairbank and Pynsent, 2000; Roland and Fairbank, 2000) and is recommended as an appropriate measure of self-report of disability for patients with LBP (Dworkin et al., 2008; Chapman et al., 2011) .
Baseline psychological measures
The Fear-Avoidance Beliefs Questionnaire (FABQ) was used to quantify general fear-avoidance beliefs. This questionnaire focuses on subject's beliefs about how work and physical activity effect patients' LBP. The FABQ is an 11-item 7-point rating scale (0 'strongly disagree' to 6 'agree') with physical activity (FABPA) and work (FABQW) sub-scales. Higher FABQ scores indicate higher levels of fear-avoidance beliefs and the FABQPA ranges from 0-24 while the FABQW ranges from 0 to 42 (Waddell et al., 1993) . The test-retest stability of FABQ has been reported in the literature for patients with chronic low back pain with a kappa for individuals items of 0.74 (Waddell et al., 1993) .
The Pain Catastrophizing Scale (PCS) has 13 items assessing catastrophizing thoughts, where subjects use a 5-point scale (0 'not at all' to 4 'all the time') to rate the frequency of these thoughts. A PCS sum score was calculated for all items (range 0-52), with higher scores indicating higher frequencies of pain catastrophizing thoughts (Sullivan et al., 1995) . The PCS has adequate internal consistency (Cronbach's alpha -0.87) and good 6-and 10-week test-retest reliability (r = 0.75 and 0.70, respectively; Sullivan et al., 1995) .
The Fear of Daily Activities Questionnaire (FDAQ) was used to quantify the fear of particular activities. This questionnaire lists 10 activities that patients with LBP commonly report as being fearful of performing due to LBP (George and Hirsh, 2009; .The FDAQ has two options for open-ended responses so that patients with LBP can provide additional examples and ratings of activities that they fear performing due to pain. Patients rate each FDAQ item using a NRS ranging from 0 ('no fear') to 100 ('maximal fear'). Scoring of the FDAQ adds each NRS rating from the 10 standard activities and dividing the sum by 10. Higher 
Baseline pain sensitivity measures
Thermal TSP was used to quantify endogenous pain modulatory mechanisms. TSP is a dynamic pain sensitivity measure of pain facilitation (e.g., amplification). This measure focuses on the change in perception over time to repeated stimuli. There are similarities between TSP, wind-up and central sensitization. Wind-up is an experimental method of inducing N-methyl-D-aspartate (NMDA) receptor mediated neuronal plasticity that manifests as an increase in the excitability of dorsal horn spinal neurons (Todd, 2010) . It is generated by applying a train of repetitive stimulation of nociceptive fibres, delivered at a constant intensity of 0.3 Hz or greater, causing the spinal neuronal excitability to increase cumulatively with each successive stimulus resulting in amplification (e.g., facilitation) of the signal. Changes within the dorsal horn (i.e., central sensitization) are thought to contribute to amplification of nociception after injury and inflammation and provide the physiological basis for primary and secondary hyperalgesia and allodynia (Latremoliere and Woolf, 2009; Todd, 2010) . The correlate of wind-up in humans is thought to be perceptual wind-up, commonly referred to as TSP (Staud et al., 2006) . This is because TSP is described as increases in pain perception to a train of stimuli of the same intensity delivered at 0.3 Hz or greater and is also readily attenuated by NMDA receptor blockade (Sarkar et al., 2006; Zhou et al., 2011) . TSP is considered a global measure of amplification within the sensory and perceptual systems and is not specifically restricted to the spinal cord.
Thermal stimuli were generated using the Medoc Neurosensory Analyzer TSA II (TSA-2001, Ramat Yishai, Israel) . A train of 10 heat pulses delivered at a frequency <0.33 Hz was applied to a remote location outside of the primary area of complaint (i.e., lower back) to avoid confounds of changes to the peripheral nervous system (Arendt-Nielsen and Yarnitsky, 2009). The thermode was placed on the plantar surface of each subject's dominant foot, and the temperature rapidly fluctuated (10°C/s) from 39°C to a peak of 50°C, remained at peak temperature for <1 s, and returned to baseline by active cooling. Subjects were asked to rate the intensity of pain associated with each pulse using a numeric rating scale (NRS) anchored with 0 = 'no pain' to 100 = 'the worst pain imaginable'. In cases where an NRS response for a particular pulse was not recorded, the data was considered missing and the individual was removed from the analysis due to incomplete data.
Several methods have been used to calculate the magnitude of TSP; however, agreement on which method is most acceptable and clinically relevant has not been determined (Anderson et al., 2013) . Therefore, we initially used four methods. Three of those methods have been previously reported, which included (1) the NRS rating of the 5th pulse, (2) a subtraction method using the NRS rating of the 5th pulse minus the NRS rating of the 1st pulse (5 minus 1) and (3) a simple slope, which calculates the average change in NRS responses over each of the pulses (Bialosky et al., 2009; Bishop et al., 2011; Valencia et al., 2011) . A fourth, novel method was also included. This method uses the area under the response curve generated by the 10 NRS pain intensity ratings. This novel method, complete area under the curve, considers both the initial pain rating and the temporal characteristics of change in pain ratings over time. These variables met normality assumptions and were treated as continuous in the subsequent analyses. TSP estimates, calculated with the simple slope method described herein, have been shown to be moderately stable when repeated within a single testing session for both pain-free and induced acute pain participants [ICC = 0.58; 95% CI = (0.47,0.67) and ICC = 0.49; 95% CI = (0.29,0.76) respectively] (Alappattu et al., 2011) . TSP, estimated with the same method, assessed in pain-free subjects, was shown to be less stable across two-testing sessions that were 2 weeks apart [ICC = 0.37; 95% CI = (0.01,0.66)] (Alappattu et al., 2011) .
Data Analyses
Analyses were performed using IBM SPSS Statistics version 20.0 (SPSS Inc., Chicago, IL, USA). Significance levels were set at an alpha level of 0.05 for analyses. Cases with incomplete data were removed using list-wise deletion. Descriptive analyses of the sample were generated and reported for all variables in the appropriate metric. Histograms were used to visually inspect the distribution of each variable and tests of normality (i.e., Kolmogorov-Smirnov and Shapiro-Wilks) were conducted prior to hypothesis testing. Bivariate correlations were calculated to assess baseline relationships among all clinical, psychological and pain sensitivity variables
In our analyses, assumptions from the FA model were employed; such that pain-related fears were used as the mediator (indirect effect) in the relationship between clinical pain intensity and self-reported pain interference with daily activities, see Fig. 1A . To explore what effect an individual's TSP response has on has on this model, we assessed whether pain sensitivity qualified as a separate mediator, or moderated the indirect effects of fear in the model; see Fig. 1B . Traditional mediation and moderated mediation analysis techniques, developed by Baron and Kenny and refined by Preacher and Hayes, were employed (Baron and Kenny, 1986; Preacher and Hayes, 2004) .
Mediation
Mediation analyses were conducted using the PROCESS macro for SPSS provided by Hayes, (Hayes, 2012) . PROCESS uses ordinary least squares regression to generate direct and indirect effects in mediation models and conditional direct and indirect effects in moderated mediation models. To test our hypotheses, we used two theoretical PROCESS Models, 4 and 58. PROCESS Model 4 tests for simple mediation (i.e., indirect effects) and allows for up to 10 mediators to be acting in parallel (see Fig. 1A ). PROCESS Model 58 tests for conditional indirect effects of both the 'a' and 'b' paths (see Fig. 1B ). Prerequisite criteria were first established prior to testing for mediation. The three criteria were (1) the mediator needed to be correlated with the independent variable, (2) the outcome variable needed to be correlated with the independent variable and (3) the mediator needed to be correlated with the outcome variable. If pre-conditions were met, separate linear regression models were used to calculate the indirect effects (i.e., mediation), for painrelated fears and pain sensitivity. Sobel's test was used to test the significance of the indirect effects (Preacher and Hayes, 2004) . In the event prerequisite conditions were met and significant indirect effects were found for both factors, a combined regression model with both mediating factors acting in parallel would be conducted using 'model 4' of the PROCESS macro.
Moderated mediation analysis
Moderated mediation analyses were conducted using the methods described by Preacher et al. (2007) and 'model 58' of the PROCESS macro for SPSS provided by Hayes (2012) . PROCESS model 58 tests for conditional indirect effects of both the 'a' and 'b' paths (see Fig. 1B ). Hierarchical regression procedures were conducted to test whether the indirect effects of painrelated fears are conditional depending on the level of 
Results
Of the 80 subjects, 67 had complete data required for the proposed analysis. Thirteen subjects were excluded from further analyses because of missing FDAQ (6), incomplete TSP data (5) or incomplete ODI assessment (2). Independent samples t-tests showed patients that were excluded from further analysis were not significantly different in age, gender, level of disability, usual pain intensity, FDAQ, PCS, FABQ or TSP from the remainder of the sample. Of the 67 subjects, 47 (70%) were female and a mean age of 31.42 years (SD = 12.06). The mean LBP intensity, 'usual level over the past week', of the cohort was 42.71 (SD = 23.19) and the mean pain interference, (ODI) was 17.30% (SD = 11.75%). The mean duration of pain was 203.91 weeks (SD = 377.78); see Table 1 . Visual inspection of histograms and normality tests suggest all the variables approximate a normal distribution and were appropriate for our planned correlation and regression analyses.
Baseline correlations
LBP intensity was positively and significantly correlated with self-reported pain-related interference, (r = 0.52; p < 0.01); see Table 1 . Most psychological measures were positively and significantly correlated with both LBP intensity and pain-related interference. These measures were also positively correlated with one another. Fear of specific daily activities, (FDAQ) had the largest point estimates of association with both LBP intensity and pain-related interference, (r = 0.56; p < 0.01 and r = 0.63; p < 0.01, respectively). Dynamic pain sensitivity appeared to be weakly and positively associated clinical pain intensity for all methods of calculating TSP, but none of these estimates were sig- nificant. Two of the TSP methods of calculation were found to be weakly and positively correlated with pain-related interference, 'average slope' and '5 minus 1'. The other two methods of calculation were weakly and negatively associated with pain-related interference; however, neither of these estimates were significant. We did not find significant or consistent direction of correlation between psychological factors and pain sensitivity. Across the four methods of calculating TSP, 'average slope' and '5 minus 1' were moderately correlated (0.54, p < 0.01) with one another. While 'magnitude of 5th pulse' and 'complete area under the curve' were strongly correlated with one another (r = 0.93; p < 0.01).
FDAQ and average slope had the highest estimated zero-order correlations with the clinical measures of pain intensity and pain-related interference. Therefore, we chose FDAQ to represent the psychological measure of fear in the mediation and moderated mediation analyses and average slope represented the dynamic pain sensitivity measure.
Mediation
Prerequisite criteria for mediation were established for pain-related fears (FDAQ), but not pain sensitivity (TSP). Therefore, mediation was only investigated for pain-related fears. The overall model, with LBP inten- Pain sensitivity and fear of pain C.W. Gay et al.
sity and pain-related fears as predictors, explained 42% of the variation in pain-related interference (adjusted R 2 = 0.42; F(2,64) = 24.70; p < 0.01). Consistent with the FA model, the direct effects of LBP intensity (β = 0.52; p < 0.01) on pain-related interference was significantly reduced, (Δβ = 0.27; Sobel's t = 3.37, p < 0.05) suggesting pain-related fear partially mediates pain intensity's effect on interference; see Fig. 2. 
Moderated mediation
Pain sensitivity moderated both the first-and secondstage indirect effects; see Fig. 3 . Hierarchical regression analyses found significant pain sensitivity by pain intensity (adjusted R 2 = 0.34; F(3,63) = 12.40; p < 0.01; β = 0.25; t = 2.36; p < 0.05; ΔR 2 = 0.06; p < 0.05) and pain sensitivity by pain-related fear interactions, (adjusted R 2 = 0.51; F(4,62) = 18.30; p < 0.01; β = 0.35; t = 3.5; p < 0.01; ΔR 2 = 0.09; p < 0.01) suggesting conditional indirect effects; see Table 2 . For stage 1, as pain intensity increases, the predicted amount of painrelated fears increases at a higher rate for higher levels of pain sensitivity compared with lower levels. This pattern was similar for stage 2. As the level of painrelated fears increases, the predicted amount of painrelated interference increases at a higher rate for higher levels of pain sensitivity. Fig. 4A and B illustrate the results of the simple slopes analysis, depicting the regression lines at high, medium and low (+1 SD, mean, −1SD) values of pain sensitivity. Results of the Johnson-Neyman analysis for stage 1 found that the effects of pain intensity on pain-related fears transitioned at pain sensitivity scores of −1.57; β = 0.34; SE = 0.10; t = 3.46; p < 0.01; 95% CI (0.14, 0.53). For stage 2, Johnson-Neyman analysis found that the effects of pain-related fears on pain-related interference transitioned at pain sensitivity scores of −0.24; β = 0.22; SE = 0.07; t = 3.28; p < 0.01; 95% CI (0.09, 0.36). Approximately 60% of the sample reported a score of −0.24 or higher.
Discussion
The baseline correlations among the various clinical, psychological and pain sensitivity measures are in line with previous research. Our results for the dynamic pain sensitivity measure were similar to those reported by Hubscher et al., 2013 , where a weak relationship between TSP and clinical pain intensity was found. Our point estimate for this correlation was slightly higher than those reported for the overall pooled estimate of r = 0.16 (95% CI: 0.02 to 0.29), and slightly lower than the pooled estimate in the sub-analysis using just chronic low back pain and thermally induced TSP (r = 0.26; 95% CI: 0.09 to 0.42). However, our estimates were non-significant. To achieve significance with our correlation of determination (R 2 = 0.04) a sample size of 191 people would have been needed. We also report a similar weak relationship between TSP and our disability measure, which was not assessed in the 2013 systematic review. Our results indicate that even though TSP might help Results suggests that as pain intensity increases the predicted level of pain-related fears to specific daily activities increases at a higher rate for higher pain sensitivity compared to lower pain sensitivity. (B) Simple slope analysis for stage two. Results suggests that as pain-related fears of specific activities increases the predicted level of pain-interference increases at a higher rate for higher pain sensitivity compared to lower pain sensitivity. Stage two analysis statistically controlled for pain intensity. Painrelated fear = fear of daily activity; Pain intensity = usual low back pain intensity; Pain interference = Oswestry Disability Questionnaire; Mean = mean score; -1 SD = 1 standard deviation below the mean; +1 SD = 1 standard deviation above the mean; TSP = temporal summation of pain, using average slope method to calculate score. discriminate between groups (pain versus pain-free), the ability of TSP to predict the intensity of pain or the severity of interference alone seems limited.
We also reported on the bivariate correlation among four different methods of calculating TSP for an individual. The two methods, average slope across all 10 pulses and the difference between the 5th pulse and 1st pulse, appear to be related one another as well as share similar relationships with the clinical measures. The other two methods, magnitude of the rating of the 5th pulse and complete area under the curve, were highly related; however, their relationship to clinical measures appears weaker. Our data suggests that assessing the change over time using more pulses may be the most clinical relevant method of calculating an individual's TSP.
The positive correlation between the psychological measures with clinical measures and with one another is consistent with the FA model. It is likely that the FDAQ-ODI correlation was stronger than the other psychological measures because many of the items are more specific to similar constructs. For example, FDAQ asks about fear of pain while walking, sitting and standing, while the ODI inquires about how pain interferes with similar activities, such as walking, sitting and standing. The other psychological measures are more generalized. Vlaeyen and Linton (2012) have hypothesized that by virtue of pain's biological significance, it initiates both implicit and explicit learning (Vlaeyen and Linton, 2012) . Through these associative learning processes, an individual's fear of pain becomes refocused onto fears of environments, activities and situations. This hypothesis is consistent with the FDAQ-ODI correlation being slightly stronger than the other psychological measures. This is likely because many of the items in both measures are similar in constructs. For example, FDAQ asks about fear of pain while walking, sitting and standing, while the ODI inquires about how pain interferes with similar activities, such as walking, sitting and standing. The other psychological measures are more generalized.
Also consistent with previous research was our mediation analysis, which showed that pain-related fears mediate the impact of pain severity upon interference (Gheldof et al., 2010) . The novelty of our study is that we further showed that the level of dynamic responsiveness of the pain perception system, assessed with TSP, modulated the strength of the indirect effects of fear. Our significant stage 1 interaction between pain intensity and TSP, suggest that as the amount of LBP increases, higher TSP is associated with acquiring higher levels of pain-related fears to standard activities. Our stage 2 interaction supports that after controlling for usual pain intensity, as the amount of fear of daily activities increases, individuals with elevated TSP experience greater life interference due to pain than individuals with diminishing TSP. These results suggest that pain-related fears mediate a greater proportion of the total effects of pain intensity on pain-related interference at higher levels of pain sensitivity compared with lower levels. Conceptually, we interpret these results to indicate that during activities, individuals with LBP who fall on the higher end of the spectrum of TSP may experience increases in their pain intensity over time compared with those LBP individuals on the lower end of the TSP spectrum. We suggest that incremental changes in pain intensity during activities may be a salient feature that evokes learning processes that influence which environments, activities and situations are associated with pain. The salience of these changes, however, is dependent on the individual's thoughts and beliefs around pain.
For example, within the chronic LBP population there are several pain-related behaviour phenotypes, including task avoidance, task persistence, pain avoidance and pain persistence. If we consider an activity such as ambulation, there will be individual differences in the amount of pain first felt as gait is initiated. There will also be individual differences in the how the nervous system endogenously modulates the input over time as the individual continues to ambulate. We suggest that individual differences in their ability to modulate pain may be reflective in their TSP score. Like the initial amount of pain felt during gait, increases or no change in pain intensity may signal harm or danger and evoke associative learning processes, whereas decreases in pain intensity over time may not. Changes in pain intensity during an activity over time also need to be cognitively evaluated, and depending on the individual's thoughts and feelings about pain, will have differential effects on the painrelated behaviour. A practical application of this hypothesis would be to assess the ability of TSP to discriminate pain-related behaviour phenotypes.
Our lack of main effects for TSP are contrary to the findings of George et al., 2006 , who reported TSP explained additional variance in disability above and beyond pain-related fears (measured with FABQ-W) in a sample of patients with chronic low back pain (George et al., 2006) . It is possible that the different sample populations between the studies could explain this discrepancy. In the current study, the sample consisted of individuals recruited from the general population with non-specific LBP, whereas the George et al., 2006 sample consisted of consecutive patients seeking care with chronic pain from a specialized tertiary care rehabilitation setting (George et al., 2006) . These patients showed elevated mean pain-related disability, ODI [17.30% (SD = 11.75) versus 52.6% (SD = 13.0)], and FABQ-W scores [9.8 (SD = 7.5) versus 31.5 (SD = 11.2)] compared with the group of participants in our current study (George et al., 2006) . Differences in clinical pain intensity could not be assessed because of different assessment strategies. Comparing the two samples, it is possible that range of disability, clinical pain intensity and mediating factors is restrictive in our sample. Alternatively, our results indicate that the relationships among these factors are present but less direct in individuals with LBP who are not currently seeking interventions for their pain.
The current study has limitations and further research is needed in this area. First, our study design, which collected data at a single time point, (i.e., baseline measurements prior to receiving an intervention) does not allow for true temporal associations to be tested and the direction of effects was theoretically driven by the assumptions of the adopted FA model. Without collecting the data over time and testing temporal associations, caution is needed before making causal inference. Second, recent evidence has emerged which challenge the direction of effects adopted from the FA model. The FA model, like our study, assumes the effect of pain intensity of pain behaviour is mediated by fear. However, evidence from an experimental model showed that pain-related fear mediated differences in perceived pain intensity (Meulders et al., 2012) . Further, two additional studies have shown that pain-related psychological measures of anxiety and fear mediated within person changes, and sex differences in pain sensitivity (Rhudy and Meagher, 2000; Horn et al., 2014) . Thus, further model development and testing is needed to fully understand the direction of effects and the impact of these variables on one another. Third, regression casewise diagnostics found one case where the prediction error was 3 standard deviations from the mean error. Removal of this case did not alter the results. Additional regression diagnostic procedures identified approximately four cases that when dropped changed the results of the stage 1 and stage 2 moderated mediation regressions, where the addition of the interaction term did not provide significant improvement of the model (non-significant ΔR 2 ). Inspection of these cases found their responses for pain intensity, pain-related fears and pain-related interference to be high, but reasonable for subjects with LBP to report. Thus, the unusualness of these cases may be a by-product of the sample's restricted range of pain-related disability.
The current cohort was recruited from the general population and as such reported much less painrelated disability than in cohorts recruited from clinical populations. To address this issue, similar statistical methods should be employed in larger cohorts that include additional subjects with higher levels of LBPrelated symptoms.
Despite these limitations, our results provide preliminary evidence that supports further investigations into how different pain modulatory tests interact with psychological variables to influence clinical measures of pain and disability. Our findings suggest interactions exist between pain-related fears and TSP that improve the predictive ability of the FA model in understanding the relationship between LBP intensity and interference in individuals with LBP who are not seeking treatment. Further elucidating the nature of these complex interactions using both cross-sectional and longitudinal data may provide new impetus for constructing more encompassing models and improving management of patients with LBP.
